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PREFACE

At the request of the NASA Space Station Program management, Level A of

the Office of Space Station, the NASA Advanced Technology Advisory

Committee (ATAC) held a workshop on advanced Automation and Robotics for

all NASA Centers. The workshop was held at the Lyndon B. Johnson Space

Center, Houston, Texas on May 13 through 17, 1985. The workshop

addressed the research and development work in progress at the NASA

Centers or under the sponsorship of the Centers. Work being done by

civil servants, universities and industry personnel was all treated.

This document, Volume 2, parts A and B, of the Workshop Proceedings,

presents the full papers (by presenter or other material) used for

presentation in the workshop.

Volume 2, part A contains May 13 and May 14 presentations.

Volume 2, part B contains May 14-16 presentations.

See Volume 1 for:

o A summary of workshop accomplishments and issues

o Recommendations of the ATAC pursuant to the worksh0p

o Brief descriptions of the papers presented

OBJECTIVES OF THE WORKSHOP WERE:

i_141"i

I #_ r

f,

- Information exchange between the NASA centers on current efforts in

advanced artificial intelligence, robotics, and automation.

- Identification of current efforts throughout NASA, and gaps in the

current efforts, in relation to Space Station automation and robotics.

The agenda was a set of technical overview presentations from the NASA

centers on current efforts in advanced artificial intelligence, robotics

and automation, and a Joint session with the (SSIS) workshop being held
at JSC the same week.

Representatives from Headquarters, ARC, JPL, JSC, KSC, GSFC, LaRC, LeRC,

MSFC and Space Station levels A, B, and C participated.

(See page 1139 for attendees list.)

Compiled By:

Artificial Intelllgence and

Information Sciences Office/JSC-SR

Jon D. Erickson/Manager/713-483-4776



NOTES

See Volume I, Executive Summary for:

o Welcome and Introduction - Mr. Aaron Cohen, ATAC Chairman

o Keynote Messages - Mr. Dan Herman, Director Engineering Division, OSS

o A brief dlscrlption of the intent of each presentation

o A summary and recommendations

o Attendees list (Both volumes)
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THE HIERARCHY OF

SCIENCE AND APPLICATION PAYLOADS

PL/LNN ING/SCHEDUL ING

SCHEDULE

STS FLIGHT

ASSIGNMENTS

(MANIFEST)

.MASTER

MULT I- FLOW

(MULTI-MISS ION)

MASTER

MISSION

EXPERIMENT

INTEGRAT ION

(LEVEL IV)

72 HOURS/

ii DAY

WORK/ACTIVITY

SCOPE

• ALL STS MISSIONS

• 5 YEARS AHEAD

" CARGO BAY ONLY

" SPECIFIC DATES

• HORIZONTAL

MISSIONS

• 2 YEARS AHEAD

" SPECIFIC DATE

• ALSO KEY RESCS.

• PER MISSION

• SEVERAL YRS AHEAD

" ITERATED

• ALL LV IV

ACTIVITIES

• ON PER MISSION

BASIS

• DAILY

• MODIFIED AT

DAILY MTGS.

" AS REQUIRED

• "MAKE WORK"

• PROCEDURES/PARTS/

TOOLS

PLAYERS

(R=RESPONSIBLE FOR)

• NASA-HQ (R)

• CUSTOMERS

• NASA CTRS

• cs (R)
• MDTSCO

• ORBITER

• MDTSCO (R)
• CS (LV IV)
• OTHERS

• cs (R)
• MDTSCO

• OTHERS

• cs {R) - LV IV
• MDTSCO (R) -

LV III/II
• OTHERS

• CS(R) - LV IV

• MDTSCO-LV IIl/II

781

PUBLISHED

MONTHLY (GOAL

AS REQUIRED

ITERATED &

PERIODIC

PERIODIC

DAILY

AS REQUIRED
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54 EXPERT SYSTEMS TECHNOLOGY ACTIVITIE
518185

I CY 1985 I CY 1986 CY 1987 CY :
J F M A M O O A S 0 N OIO F M A M J J A S 0 N D I 2 3 4 1 2
L-- L--L- L--L--L- L- L--L--L-. L_ L_.L_ L..L_ L__t__ L_ L_.L_ _ _ _ _ _ L _ _ L

PHASE II ÷ PHASE III ._ PHASE IV
R OTO. DEV. & TEST DEMO OPERATIONAL IMPLEM.

EHPRESS

(KSC/MITRE)

EMPRESS
RELATED

(KSC/HITRE)

• A •
GRAPHICSKSC ! ASSESSMENTi z ,

SHUTTLE APPLICATION DEMO OPERATIONAL SYS. & MAINT_

!SP/SYHBOLICS
TRAIHING

ART
APPLICATIONS

(KSC/JSC
INFERENCE)

#__ A #

VERTICAL APPLICATION DEM0
• M m A

w

OPERATIONAL SYS. &

S.S APPLICATION DEMO OPERATIONAL SYS. & M/

I i

SL PROCESS. DEMO
• A •

S.S PROCESS. DEMO

RQHTS. GENER.

ART TRAINING • • @ • • •

DEVEL. & DEMO
÷---@

DEMO DEMO FINAL

PLANNET

(MDTSCO/GT)

OTHER CM
PROJECTS

B

PCU DIAGNOSTICS

!
I

ASSESSHENT & HAINT,

DEMO ASSESSME_,
9 • ....

PROCED. GENERA_

PROJECT X

I I
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EXPERT
5 Y EA R P LA N

SYSTEMS TECHN OLOGY
518185

FUNDING

FU_'DING TASKS

MI TEE-EMPRESS
=F.ASE I
"HASE II
H_ASE I II

SYMBOLICS SYS.

SF_BOLICS TNG.

HA_.EiWARE-S/N

TOTAL

FY 84

$50K

$135.4

F7 85
¢

$160K

FY 86

$50K

¢$3.6K _" $9K

$190K $169K

$10K

$200K
a

$260K

FY 87

$200K

$200K

FY 88

$100K

FY 89

$100K $100K

E E FUNDING TASKS

$60K

$43K

_ITRE-EMPRESS
PHASE II (SUPP)
PHASE III (SUPP
PHASE IV & ASSET

AUTO. PLAN SYS.

HARD_ARE-S/W

TOTAL

)E S FUNDING TASKS

INFERENCE
ART S/N,TNG,MAI

CONSULT, TNG.

S.S C!PS. CONT.

S.S. PRO_ ESSING

ROMPS. G}NERATI' )N

PROCED. CENERATION

_D_AL

GF AN'D 7LTAL

$103K

$40K
_______-

$30K i
$

,=

$100K $50K $50K $50K

" i
, , , , k , , , •

$310K $200K

$70K

$260K

$15K

$310K

$100K $73K$I00K $50K

I ,osKI ,5oKI ,TsK I ,125K
w w w

$190K

FY 84

$342K

FY 85

$150K

$670K

FY 86

$200K

$710K

FY 87

$225K

$635K

FY 88

$275K

$573K

FY89
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\

PLANNET

HIERARCHICAL DATA STRUCTURE
(DOMAIN DATA)

MISSIONS
(SL-2 & SL-3)

OMIs (WADs)
(E2003, L5027, L50zI5

LI041, L5046, L5025
L5039, LI023)

SEQUENCES
(SEE RESOURCE REOUIREMENTS
SHEET, AND NET'JORK )

RESOURCES
(CONSTRAINTS)

MISSION MILESTONES

HARD SCHEDULE DATES
NETWORK

DURATION

TECHS

ENGINEERS

INSPECTORS
'TECH OPS MEN

SAFETY MEN
EAST & !VEST CRANES

NORTH & SOUTH RAILS OF TEST STAND I

TEST STANDS 2 & 3

LEAK TESTER

CRANE CREW
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************************* Z N T [ R I N P | 0 8 L [ M R E P 0 R T '''*''=*'*''****''******'*

Frtday the thtrd ot _¥. 196S; 10:12:11 em

IEPORTED BY: LES the Lox [xpert $_stem

PROISL(H DESCRIPTION:

GLOXZ043[ the replenish valve open iliSUriDent no. _ tl _ot rladtn 0 correctly.
it nov reeds: OfF .but should road: ON

ANALY3XS & TROUBL[SHOOT|IG STEPS:

1.) GLOPZ04SA the replenish valve Itgno1 pressure meesurlment detects the current state of ÷Z2DIB0P. because

If +2ZD180P wee feared to O_f. then GLOPZ04SA would have to be redden|
between -0.S end 0.S.

Z.) GLOPZO4SA the replenlsh valve aline1 prel|Ur4 measurment detects the CUrrent stein of A35706. because

tr A3)706 wee felled to ON. then GLOPZ04SA would have tO be roedtng
between -@.5 end 0.S.

3.) GLOPZ04SA the replenish valve stool1 pressure messurl_ent detects the current stets or A33708, because

4f A35708 vii fotlod to ON. then GLOPZ045A would have tO be read,no
between -0.S end O.S.

4.) GLOPZ04SA the replenish valve signal pressure meosu_lment detects the current state of A33709, because

If A)ST0g wee fetled to ON. then 6LOPZ04SA would have to be reedln o
between -0.S end 0.S.

however, GLOPZ04SA t| reedtn 0 15.0. thus clearing:

20-PSI-PR!, A33784, AS$70g, A35706. K10S. ohd A35708.

Suspects now ere: A86460. 6401A4SZ. GeOZA|-FZ. *2201808. end GLOX204$[.

S.) GLOXS04)E the replent|h volvo open measurement no. 2 11 NOT read_n8 correctly thus clearing:
GLOXZ04$[.

Suspects nov ere: A86460. 6401A4S2. 1602A1-FZ. end +22D180B.

6.) GLOHS044A the replenish valve posttton Indicator no. Z detects the current state of +ZZ9180P. because

tf +220180P was foiled to OFF. thin GLOHS044A would have to be reedtng
between -5.0 end S.O.

7.) GLOHS044A the replenish volvo po|ttton Indicator no. Z detects the current state or _6460, because

_f A_6460 wee between 0.0 end 93.. then GLOHS044A would have to be reedtng between -S.0 Ind |8..
however. 6LOH$044A ls reoOtn o 99.e. thus clear_no_
A86460.

Suspect8 now ore: 6401A4S2. 660ZA1-F2, end *22_1806.

8.) 6LOXZ03SE replenish valve secondary pressures okay measurement detects the current state of +2201808, because

tf +220180| via fetlod to OFF. then 6LOX203SE would have to be reedtn o OFF.

however, GLOXZ03S[ ts reodtng ON. thus c_sertn0;
660ZA1-F2 end +220180|.

Suspects nov ere: 6401A45Z.

Frtdo¥ the thtrd of Me_, 1gee; 10:12:28 eva

At thai point It appears that the most 11ke1_ single patna felluro ts
6401A45Z the replenish valve open timer svltch

The rest of the measurements v111 be searched for confl_ctln G evidence.

9.) The balance of the RELATED MEA3UR[MENT$ hive been examined.

end CAnnot ado additional Information to the above analysts.

cONCLUSION:

It tS detemtned thee the most ltkoly s_nolo pilot fellurs ls

6401A4S2 the replent|h volvo open I_mtt switch

Thank you .... L[S
Friday the thtrd of Me.y, 1985; 10:12:30 ell

LaST OF SUSPECTS [XAH|N[0:

Z0-PSX-PR| the Z0 psi prtmery pressure source

A33764 the replenish valve prlmer_ tren|ducer

A3370g the replenish volvo stgnal prtmer_ overrlde solanotd

A]3700 the replenish valve stone1 pressure secondary select
[105 the replenish valve Secondary Select relo_

A$$708 the replenish valve supply pressure sicondir_ select

AJ_6460 The replenish valve

6401A4S2 the replenish valve open ltmtt swttch
660ZA1-FZ the fuse F2 In HLP penal 660ZA|

*72DIe0B the _LP DC power bus number *2ZD]80§

6tOXZ043( the replentlh valve Opln measurement nO. !

LIST OF ME&SURE_EkTS USED FOR THE EVALUATION:

_LO_?O45A thl replenish Vllve ligntl pressure mealUrllment

_:_X_C4_[ the rl_}l_tlh VIlVl C_oied _cIl_lll_l_t n_, Z

GLOXZD4Z( the rl_}lnll_ villi C}cled mlasura_l_ no

6LOH_O44A the replenish valvl pOlttlon Indicator _O. 2

GLOHZ_44A the replenish vSlve _olltton 1_d_ltOr no. |

GLOX?O_[ raplen*sh valve **---- .... _-*_u_** O_V _s_J'* _*-*

OFF

PS!

PR[SSURE

CURRENT-TO-AIR-TRANSDUCER

SOLENOID
SOLE#OID

_ELAY

SOLENO!D

AKALOG-VALVE

L!H!T-SWITCH
FUSE

PO'#[R-_US

0|$CR[I[-VALVE-HEA._UR[HENT

15+0 PS!
OFF

or

O+ r

99.e t

g90

ANAL0_-PR[SSUR[-HEASUR[M[NT
O%SCR[T[-VALV[-_(ASUR[H[kl

_|SCRET[-VALVE-H[ASUR[N[k_

O|SCRET[-VALV[-M[A_UR[H[NT

ANALOG-VALV[-_EASUR[M[NT

AkALO_-VALV[-M[A_UR[_[kT



IILOX$094(thereplenteh volvo soconder¥ selected Indicator OFF IItSCKTI(-V_W.-NEASURF.NEIIT
liLOX2ST|I_ the 714 pe_ IIn| sup prose no I 0ll 0|SCI_TI[-VN.VF.-mA_UIUUqUT
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Jo _147- SE_51 OA)

t¢lS + ATAC

wo_kEHoPS

During this session, the plan is to have MDAC and TRW present informally

on their results for approximately half of their allocated time, and the

other half would be used for a question and answer period to allow an

interaction between NASA and the Phase B contractors.

Chairman: A. Dula (SSIS Workshop Coordinator)

TIME PRESENTATION PRESENTER

1:30 Expert and Planning Systems MDAC/TRW

3:30 Man/Machine Interface MDAC/TRW

4:30 ATAC Summary J. Erickson

5:00 Teleoperation/Robotics J. Gilbert
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ACQUISITION

° ACQUIRES MOVING OBJECT FOR WHICH AN OBJECT MODEL IS AVAILABLE,

FOR TRACKING WITH SIX DEGREES OF FREEDOM.

° USEFUL FOR RETRIEVAL OF SATELLITES.

° USEFUL FOR HANDLING WORK PIECES, REPLACEMENT MODULES, AND

FASTENERS IN ORBITAL ASSEMBLY WORK.
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Legend for Flsure

Symbols for $-D quantities (prime means uncorrected for scale factor and bias):

P

P

R

V

S

poaitlon vector

3-by-{ covariance matrix oF position

orientation quaternion

velocity vector

angular velocity vector

12-b¥-12 covarlance aatrix or position, orientation, velocity.
and angular velocity

Subscripts on above:

1 each feature (at tiae t 3)

s object at time t s (vs refers to reference point instead of
object origin)

f object at time tf (final data used for acquisition)

o reference (a priori object)

a average feature

Syabols for 2-D quantities for each feature:

x horizontal position

y vertical position

X horizontal velocity

vertical velocity

n standard deviation of quantity or covarianee of quantities
indicated by subscript

Other quantities:

t

f

b

F

tlae

scale factor

bias

2-by-2 covarlance matrix of scale factor and bias

Flow:

proEra_

data derived from images

........ principal given data
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INTERCONNECT ION OF MODULES

THE CONNECTIONS FROM A PARTICULAR MODULE IN ONE COLUMN

TO THE MODULES IN THE NEXT COLUMN ARE SHOWN.
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TWO REPRESENTATIONS OF INTERCONNECTION TOPOLOGY

DIRECTION OF MAIN DATA FLOW (ALONG ROWS)

------ CUT FOR INPUT AND OUTPUT (ALONG A COLUMN)
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EXAMPLE OF WRAP-AR OU ItD
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